This paper analyzes the impact of student loans for higher education on dropout decisions and future earnings. We posit a structural model of sequential schooling decisions which is estimated using rich administrative data from Chile. We allow for heterogeneity in both observed and unobserved variables. In our model, individuals can choose among institutions offering different type of degrees. Our empirical strategy benefits from a major reform implemented in Chile. In 2006, the government introduced the State Guaranteed Loan (SGL), a new higher education loan system. The new program shares some similarities with the Stafford Loans in the US. The SGL is, to date, the most important funding program for higher education in Chile.
Introduction
This paper investigates the short and long term impacts of loans for higher education. From an economic perspective, loans alleviate short term financial constraints preventing students from accessing tertiary education. Once the student is enrolled, the anticipation of the contracted obligation should motive him to enhance higher levels of efforts, implying a lower probability of dropping out, and eventually, a better performance on the labor market. This explains why many countries have adopted or incentivized systems of student loans. However, the logic critically depends on the mechanism design behind the loan system. We empirically document how an imperfect design can lead to unexpected consequences.
Although short term credit constraints have been reported to be a determinant of the college dropout decision, the evidence shows minor effects the difficulty in identifying credit constrained students have led to the implementation of indirect empirical approaches showing minor effects (?????) . Moreover, there is some evidence on the potential negative effects of college subsidies on dropout rates. ? develop an overlapping generation model and simulate different policy experiments. They show that increasing college subsidies increase aggregate college enrollment rate (especially for poorest families) but increase the aggregate college dropout rate.
Even direct approaches that identify constrained students, such as ? who asked students if they would borrow more at a fair interest rate if offered, suggest that "while credit constraints likely play an important role in the drop-out decisions of some students, the large majority of attrition of students from low income families should be primarily attributed to reasons other than credit constraints."
This article contributes to the literature by analyzing the impact of credit constraints on the decision of dropping out from Higher Education Institutions (HEI) using rich panel data from the Chilean higher education system. 1 Using a unique database that allows us to identify credit constrained students, we estimate a structural model of sequential schooling decisions, allowing for the presence of unobserved heterogeneity (?) that is interpreted as a combination of cognitive and noncognitive skills. This is the first model in the context of higher education which integrates selectivity (with flexible functional forms that relax the usual normality assumptions), unobservable skills, and individual characteristics to study the determinants of dropouts.
We focus on the impact of the State Guaranteed Credit program (CAE) on the college dropout decision. 2 This credit shares some similarities with the Federal Guaranteed Loan (Stafford Loan) in the US, in the sense that it guarantees repayment to the lender if a student defaults. Our interest in this program is due to its large impact on access to the higher education system and due to the fact that we are able to identify credit constrained student. As reported in Tables 2 and 3, between 2006 and 2010 the allocation of CAE loans have quadrupled, going from a 10% of the total student aids in 2006 to 43% of aid in 2010.
The related literature for the Chilean case evaluates the effects of credit programs on enrollment and the dropout decision for a subpopulation of students. ? analyzes the effect of two loan programs (CAE and a different program for a reduced set of public universities) on enrollment and dropout rates finding a significant negative effect. He exploits the discontinuity in the assignment rule and estimates a local average treatment effect for a very specific neighborhood of students: those around the minimum qualifying score in the University Selection Test (PSU). He finds a significant effect on enrollment and dropout rates after the first and second year. 3 We also analyze the impact of the CAE on labor market outputs, which is one important contribution of this paper. The potential impact of this loan program is related to some characteristics of its design. In particular, it gives economic incentives to HEI to reduce dropout rates. This may have consequences in labor market outcomes, such as wages, due to its effects on the quality of accumulated human capital. Thus, we estimate the sequential schooling choice model with a wage model for the same individuals since we are able to match administrative records from the unemployment insurance (UI) system with our enrollment data.
The empirical strategy we use in this paper considers the existence of unobserved factors that influence the dropout decision, which may bias the estimates of the impact of the CAE on dropping out (???). Hence, there may be sorting in ability, which implies that other factors than monetary costs (e.g. effort) could be affecting the dropout decision. 4 This could be explained by what ? calls the long-run constraints. These constraints are related to long-run characteristics such as ability unlike short-run constraints such as funding.
This paper evaluates the importance of both on the probability of dropping out.
We find that there is sorting in ability such that higher skilled students enroll in universities and have a lower dropout rate after the first year. 5 We also find that the CAE reduces the dropout rate after the first year by 12.4% for universities and and 66% for CFT-IP, after controlling for ability. Also, our results show that both short and long run constraints are binding.
Our results also suggest that although the CAE has positive effects on dropout rates, it may have some negative effects. Specifically, we find that students with CAE have lower wages even after adjusting for individual characteristics, quality measures of higher education institutions, ability and selectivity bias.
This may reflect serious issues in the mechanism design of the incentives that the CAE gives to HEI.
The following is the organization of the paper. Section 2 analyzes the institutions and the Chilean system. In section 3 we present the model of sequential decisions with unobserved heterogeneity and section 4 describes the database and presents descriptive statistics. In section 5 we present the estimation results and an analysis of sorting in ability. In section 6 we compute some treatments effects such as the effect of the CAE on dropping out after the first year and the effect of the CAE on wages. In section 7 we conclude.
The Chilean Institutions
The education reform implemented in the 1980s created incentives for private agents to participate in the Chilean education system. This permitted the incorporation of a large number and types of private HEI, including universities, Professional Institutes (IP) and Centers of Technical Formation (CFT). 6 Between 1984 and 2010, enrollment in higher education institutions quadrupled, as shown in Figure 1 . This growth was strongly influenced by the universities, as shown in Figure 2 . 7 We can see an important break in the trend of enrollment in the early 1990s, when the effects of the educational reform seems to be larger (?).
Even though the increasing access to HEI has contributed to increased enrollment, an important goal of public policy in Chile, this has not translated into increased participation in all sectors of society, and the access has been quite uneven (?). That is why, since 2006 it has been provided an increased financial support consisting of grants and loans for vulnerable students. Figure 3 shows the total amount of financial aid that has been awarded to undergraduate students between 1989 and 2009.
In 2006, the Ministry of Education of Chile (MINEDUC) started implementing a new system of credits, the state-guaranteed credit (CAE), where the Chilean government is the guarantor. Given that the student is acquiring an intangible asset (human capital), financial institutions have few incentives to lend to vulnerable students, thus necessitating Chile as guarantor.
The CAE is an instrument that has increased its relative importance in recent years. Figure 4 shows the substantial increase of student aid coverage from 2006. This increase coincides with implementation of the CAE, which annual allocation statistics are presented in Table 2 . Additionally, Table 3 shows the ratio of CAE to other student aid per year. We observe a substantial growth of this ratio between 2006 and 2010 (it went from 10% to approximately 43%), showing that the CAE is now a key instrument of financing higher education.
In addition to increased coverage as described before, a second purpose of the CAE is to allow students to not have to work/worry about their tuition, which would reduce the high dropout rates in higher education (which presented in Table 1 ), which is supported by national and international literature (???) . At an 6 The CFT are institutions that are allowed to grant technical degrees and IP are permitted to grant technical and professional degrees that not require a bachelor's degree.
7 According to ? the number of universities increased from 10 in 1981 to 60 in 2009. aggregate level, we can see that the CAE has not had a decisive impact on dropout rates, as described in Table 5 . However, it is important to note that this is an aggregate level and thus lacks precision. This analysis will be made more precise later in this article.
Regarding the formalities of the application process to the CAE, the applicants must meet certain requirements. Among these are to be Chilean, get above 475 points on the University Selection Test (PSU), maintain a satisfactory academic performance, have not graduated from any HEI or dropped out more than once from a higher education institution, have a socio-economic environment that justifies the allocation of CAE, and certify that they are enrolled at a HEI (certificate of registry or letter of acceptance). 89 The loans are granted through the financial institutions (typically banks). The Chilean government auction packages of students' loans (these packages are as homogeneous as possible to make them equally attractive to banks) and some institutions win this auction, after making appropriate bids. After the bidding process and its final allocation, the financing institutions provide the loans to the students.
Once assigned the CAE, the beneficiary must meet many requirements, which depend on the stage of study. If the beneficiary is studying and dropped out from the HEI, the mechanism that begins to operate is the "guarantee for academic dropout". 10 This guarantee is granted by the HEI (which can be at most 90% of the principal plus interest) and operates as long as the individual is in the HEI. If a student drops out, the HEI must reimburse the lending institution. In the event that the HEI guarantee is less than 90% of the capital (plus interest), the government has to cover the additional amount (to get to the 90%). In Table 4 we present the percentage of the academic dropout guarantee that HEI and the government cover.
The HEI, even when the student is on the verge of graduating, always covers a significant percentage of the loan (plus interest) awarded to the student. If a student dropped out, the financial institution may require payment of the guarantee. 11 The HEI will continue the collection process with the financial institution as the debt acquired by the student is not longer enforceable.
An important factor to be considered is that the collection process for a student who has not graduated may be very complicated and expensive, especially if the student does not have a guarantee. The design of the CAE creates incentives for the HEIs to reduce dropout rates. To the extent that these incentives imply lower academic standards, the mechanism design can impact the quality of education. 12 Our results suggest that this is indeed the case.
In cases where the beneficiaries have graduated another collection mechanism operates, the "state guarantee". If the graduate cannot meet the quotas for repaying the CAE (with a grace period of 18 months after graduation), financial institutions may start legal proceedings. If this is not possible, the institutions have the right to require to Chile to pay the guarantee, which corresponds to 90% of the amount due including capitalized interests.
A Simple Structural Model for Dropout Decisions with Unobserved Heterogeneity
The highest level of education achieved by each individual is the conclusion of a sequence of decisions determined by the institutions of the educational system. It is important to consider the fact that individual's decisions are conditional on a set of feasible alternatives. Furthermore, the choices made also depend on her skills and/or preferences, so that the final observed results (sequences of decisions) do not allow proper comparisons between individuals.
In this section we model the decision of dropping out as the final result of a sequence of decisions, which are influenced by observable and unobservable components. Even after controlling for potential endogeneity in decision-making, selectivity, and observable characteristics, we may have observationally equivalent individuals responding differently to the same stimulus. The reason for this may be explained by the presence of unobserved heterogeneity in endowments, as is seen in ?, ?, ?, and ?. These endowments are a combination of cognitive and noncognitive unobservable skills, which can vary among individuals and determine their schooling decisions. The structure modeled in this paper considers the presence of unobserved heterogeneity in addition to considering the presence of endogeneity and selection in the decisions of students.
The timing of the decisions considered in this paper is as follows: before taking the University Selection Test (PSU), students can apply for the CAE and then, after learning the test results, they can enroll in Centers of Technical Formation (CFT), Professional Institutes (IP) or in universities. 13
The conditions, as explained above, for being eligible for the CAE are that there must be proof of admission (registration or an acceptance letter, for example) and others such as socioeconomic requirements.
After that, the credit is assigned (or not) and eventually they may choose to complete the first year or dropout from the corresponding HEI.
13 For purposes of this paper we consider two groups of institutions: universities and non universities, the CFT-IP.
The Model
We model a tree of sequential binary decisions, which is based on structural choice models closely related to ?. Following ? we model the decisions as follows.
Consider a choice node j (for instance, applied or not to the CAE). Let V id(j) the indirect utility individual i obtain when choosing alternative d (with d ∈ {0, 1}), belonging to an alternative set in node j:
where Z id(j) is a vector of observed characteristics that affects individual's schooling decision and µ id(j) is an error term. All this is conditional in being at node j. 14 Let D id(j) be a binary variable defined as follow
The previous expression implies that individual i chooses the schooling path that maximizes her utility, conditional on her characteristics. 15 Thus, we observe sequences of decisions in terminal nodes, noted as D l , with l = 1, 2, . . . , L. 16 In Figure 5 we show the tree of sequential decisions, in which L = 6 in our model.
Finally, after observing the sequences of optimal schooling decisions we observe two outcomes: dropping out (or not) from higher education and wages for dropouts and non dropouts. The equation modeling the dropout decision is
where the dropout decision depends on the node in which individual i is. On the other hand, the wage equation is given by:
14 In particular, we consider five nodes: the first one is the decision to apply to CAE, the second and third considers the decision of enrolling into a university or CFT/IP conditional on having applied or not to the CAE. The fourth and fifth nodes consider the allocation of the CAE conditional in that individuals enroll in a university or CFT/IP and apply to the CAE. 15 We assume that indirect utility of unchosen alternatives is strictly negative. 16 For instance, D 1 is the sequence for students that applied to the CAE, enrolled in a university, and obtained the CAE.
Where W D l iΛ corresponds to the log wages associated to the choice Λ in node D l for individual i, M D l iΛ is a vector containing observed characteristics determining wages for individual i in case of choosing Λ in the same node and ν D l iΛ is an error term.
Then, the observed outcome vector is given by the dropout decision and the associated wage, denoted as
It is important to mention that the model allows that all error terms (ν D l Λ ) are correlated. Thus, schooling decisions are correlated with the outcomes, which implies that self-selection is based on unobservables factors.
The model assumes the presence of unobserved heterogeneity, which is denoted as f and we call factor. This factor represents individual's ability and has an important role in the decisions in each node since it allows us to control for selectivity and endogeneity. Additionally, it is possible to estimate counterfactual outcomes and obtain treatment effects as we show in section 6. Imposing some structure for the factor allows us to identify the effect of ability in the sequential choices. Thus, the structure is as follows:
where ε and ξ are error terms of the corresponding equations. We assume that ε d ⊥ ⊥ ξ Λ ⊥ ⊥ f .
Following ? and ?, we posit a linear measurement system to identify the distribution of the unobserved endowments f . We supplement the model described above with a set of linear equations linking measured ability with observed characteristics and unobserved endowments. This allows us to interpret the unobserved factor f as a combination of different abilities (cognitive and non-cognitive). In particular, we observe University Selection Test (PSU) and the GPA from high school and we call them just "test scores". 17 The equations describing these scores are 17 Then we consider three measures: high school GPA, language and mathematics PSU scores.
Where T ik is a test score k of individual i, X ik is a vector containing observed characteristics (such as socioeconomic characteristics, parents' education, type of school attended, among others) and λ ik is an error term associated to test k for individual i. 18
In the same way we proceed before, we impose a factor structure for error terms in the test score equations
where θ is an error term. We assume that ε d ⊥ ⊥ θ k ⊥ ⊥ ξ Λ ⊥ ⊥ f and that the measurement system allows to identify the distribution of unobserved abilities. We can use equations (8) and (9) to express the test score equations as follow
Similarly, we can use equations (6) and (7) to express equations (1) and (4) as follow
Assuming that ε id(j) ∼ N (0, 1), from equation (2) we have a probit model for choice d. Conditioning on the factor we have
Where D id(j−1) are the previous decisions taken by individual i (if there is a previous decision). ? shows that three is the minimum number of measurements to achieve identification, which is our case.
sequently, we can express the probability of a particular schooling sequence D l for individual i, given the observed characteristics and the factor f , in the following way
Where H i is the set of nodes visited by individual i. The structural model depends on observed variables and the unobserved factor. Given this structure, we can use an identification structure similar to those used by ? and ?. With this, we are able to identify the distribution of the factor and the parameters of the model.
Implementing the Model
In the model, we have optimal schooling decisions, individual's characteristics, an outcome vector and its determinants, and test scores and their determinants (D l , Z, Y, M, T and X, respectively). As it was described, the timing of the decisions is the following: an individual i decides to apply to CAE, then she takes the PSU, decides to enroll in an university or in a CFT/IP, and finally she decides whether to drop out or not after the first year. We observe wages after the schooling sequence.
The model allows the existence of endogeneity in the decisions since choices in each node depends on unobserved characteristics which may be correlated to some characteristics. The independence assumption between the error terms and the factor, conditioning in unobserved ability, is crucial since it allows us to write the likelihood function in the following way
In which we integrate respect the density of the factor, because it is unobserved. We assume a mixture of normal distributions for the distribution of the factor to give flexibility to its shape allowing for asymmetries and multi modalities
It is important to mention that this mixture structure for the distribution of the factor does not implies normality a priori. Given the numeric complexity in maximizing the likelihood introduced by the integral, we estimate the model by Markov Chain Monte Carlo (MCMC).
A final comment related to the factor is that, given that there is no intrinsic scale for ability, it is necessary to normalize the mean of factor to 0 and normalize the parameter accompanying the factor of the math test score to 1. We also normalize the test scores so they have zero mean and standard deviation equal to one and permit the presence of correlation among the error terms.
Data
The data used in this paper comes from different sources of information. 19 We also include dummies for parents' schooling years with base category of less than 8 years of schooling.
We add dummies for funding characteristics of (graduating) school: public and private-voucher dummies (where graduating from private school is the base category), a dummy for scholarship during the first year, and dummies for educational categories of the higher education program the student is enrolled in, according 19 The data were provided by the Dirección de Presupuestos del Ministerio de Hacienda de Chile in virtue of the agreement between Subsecretaría de Hacienda, Dirección de Presupuestos and the Servicio de Información de Educación Superior (SIES) from Ministerio de Educación (MINEDUC) de Chile, letter of agreement and confidentiality N 2011. 20 The misallocation of the loans was due to a computational mistake that assigned the CAE to individuals in the fourth and fifth quintiles. Political pressure led to an increase in the number of loans assigned to students in the lowest three quintiles. For details see ?.
21 These 31481 observations include only individuals with no missing values. We did not use imputation methods to increase the number of observations. to the MINEDUC definition (the educational category of Administration and Commerce is the base). We also consider the length of the program measured in number of semesters, years of accreditation of the higher education institutions (as a measure of HEI quality), and test scores (mathematics and language) along with high school GPA.
Results
In Table 8 we present the estimation of the parameters of intermediate decision nodes D 1 , D 2 , D 3 , D 4 , and D 5 . Note that men have a lower probability of applying to CAE, enrolling in a university, and obtaining the credit. On the other hand, older applicants tend to enroll more in universities and, conditional on this, have a higher probability of obtaining the CAE.
The geographic zone dummies tell us that people in south apply more to CAE than those in the north, relative to inhabitants of the central part of the country. Northern applicants enroll more in universities relative to those from the center. Once enrolled in a university, people from the north and south have a lower probability of obtaining the CAE.
The more people in the household, the lower the probability of receiving the credit for those enrolled in any HEI. Additionally, students from high-income families tend to enroll in universities and not apply to CAE. Regarding income, we can see that for those enrolled in universities, the probability of obtaining the CAE increases with family income. This is mainly due to the misallocation of credits that occurred in 2006 (Ingresa, 2010) .
Having attended a public or private-voucher increases the probability of applying to the CAE and decreases the probability of enrolling in a university. However, conditional on being enrolled in a university, students from public and private-voucher schools have a lower probability of obtaining the CAE Finally, we see the importance of ability (measured by the factor) in schooling and financing decisions.
Individuals with higher ability apply more to CAE and are more likely to enroll in universities. Also, high ability applicants have a higher probability of receiving the CAE. This is interesting since the credit should not be assigned by academic merit or ability, except for the minimum passing score. 22 Table 9 presents the estimation of the decision of dropping out. 23 In some nodes, men have a higher probability of dropping out. In three nodes (D 2 , D 4 , D 5 ) older students have a higher probability of dropping out. On the other hand, geographic region dummies do not play a role on explaining dropout decisions, except for students who did not apply to the CAE and enrolled in a CFT/IP. In that case, people in the north show 22 475 in PSU test score or a GPA of 5.3 for the case of CFT and IP. 23 There are some nodes with few numbers of observations that make us to choose more parsimonious specifications to achieve convergence. a higher probability of dropping out.
Regarding to family background we have that, students from larger households have a higher probability of dropping out, and the higher the family income, the lower the probability of dropping out. Attending a public or private-voucher school increases the probability of dropping out from a HEI. This is particularly relevant for those enrolled in universities and who did not apply to CAE. Having received a scholarship significantly decreases the probability of dropping out after the first year in most terminal nodes.
Education categories have mixed impacts on the probability of the dropping out. We have that Arts and Architecture are associated with a higher probability of dropping out, conditional on being enrolled in a university and not receiving the CAE. While those enrolled in programs related to Basic Sciences have a higher probability of dropping out. Social Sciences and Agriculture programs do not exhibit any particular effect on the probability of dropping out. For people enrolled in Law, there is no relationship with dropping out decision except for those who did not apply to the CAE and enrolled in a university. This probability is lower for students in Education with no credit (applicants and no applicants) and higher for those in Humanities. We see that the Health category reduces the probability of dropping out for individuals enrolled in a CFT/IP who did not apply to the CAE. On the other hand, those enrolled in the Technology educational category are more likely to drop out conditional on not applying to the CAE and being enrolled in a university.
Finally, we can see that career length increases the probability of dropping out while the years of accreditation of the HEI reduce this probability for those enrolled in a CFT/IP and did not obtain the CAE. We also see that ability (measured by the factor) is negatively correlated with dropping out. It is important to mention that, apart from learning about the effect of ability on decisions, it allows to obtain estimations of the structural parameters purged of endogeneity due to ability. Table 10 presents the results for the wage equations. 24 We can see that men have higher wages than women. Wages increase with age and, in general, with being enrolled in a career in of the Administration and Commerce area. The career length is negatively related with wages, which can be related to the fact that those enrolled in longer careers have spent less time in the labor market while the HEI years of accreditation do not have a clear effect on wages. Last, we see that ability is strongly related with wages for those who did not drop out after the first year. Now we analyze the results for the test score equations. In Table 11 we can see that men perform better than women in mathematics and worst in language. It can be observed that older people perform better in the PSU but have lower high school GPAs. Living in the north decreases the three scores measures and those from the south perform better in language and have higher high school GPAs compared to those living 24 We did not include characteristics of career they attended for those who dropped out in the first year.
in the center of the country.
The number of people in the household is negatively correlated with PSU scores and GPA and the opposite occurs for family income. Having attended a public or private-voucher school is negatively associated with all three scores. We can see that parent's education positively affects PSU scores but is negatively correlated with high school GPA. Last, we observe that ability is strongly positively correlated with the three test scores measures. This suggests that the factor is strongly related with cognitive abilities.
Goodness of fit
We compute goodness of fit statistics of the structural model. Specifically we compute χ 2 tests to contrast estimated and actual proportions. 25 We first implement a simple hypothesis test through decision nodes. In Table 12 we can see the results.
In particular, we can see the p-values of each single null hypothesis of equality between model and actual data. It can be appreciated that most of the single hypothesis tests cannot be rejected at a 1% level, which means that our structural model performs well at least in predicting the averages.
A more conservative goodness of fit test is to test the joint null hypothesis of equality between model and actual proportions. We can see the p-value of the joint hypothesis in Table 13 . There is no evidence to reject the null of joint equality between the predictions of the model and the actual data.
The Role of Ability in the Sequential Decisions
In this subsection we analyze in detail the central role of ability in individual choices according to our structural model. In particular, we study if there is sorting in ability and its relationship with schooling decisions. In order to do so, we use the estimated structural parameters of our model to simulate the distribution of the ability factor. 26 Figure 6 shows us the unconditional distribution of the factor and the estimated parameters of the mixture of normals that generate it. We can see the non-normality of the distribution, which validates our mixture model. 27
Next, we show the distribution of ability for those who applied to the CAE relative to those who did not apply. We observe that CAE applicants are more able than non-applicants. There is first order stochastic dominance.
The distribution of ability by type of HEI is presented in Figure 8 . We see that there is positive sorting 25 Since we have the structural parameters, we can simulate an economy with one million observations. The null hypothesis is that M odel = Actual. 26 The simulation considers one million observations 27 Additionally, we performed a normality test and reject the null hypothesis of normality.
(regarding to ability) in university enrollment: more able students enroll in universities instead of CFT/IP. This is consistent with what we found in Table 8 , where the ability factor is a strong predictor of the decision of enrolling in a university. Figure 9 presents the distribution of the ability factor according to having obtained the CAE or not, conditional on having applied. We can see that, either for those enrolled in a university or a CFT/IP, more able students have a higher probability of getting the CAE but this sorting is stronger for those enrolled in a CFT/IP. This agrees with Table 8 as well since the ability factor has a greater impact in the probability of obtaining the CAE for those enrolled in a CFT/IP. Finally, in Figure 10 we observe sorting in the decision of dropping out of a HEI. We see that less able students have a higher probability of dropping out, even after controlling for observable variables such as family income among others. This result holds through decision nodes, independent of having applied to the CAE, having received the CAE, and having enrolled in a university or a CFT/IP. These results coincide with those found in Table 9 , where the ability factor is consistently negative in the dropping out decision. 28
Treatment Effects
In this section we estimate the causal effect of having the CAE on the probability of dropping out after the first year. We also estimate the effect of having the CAE on wages five years after enrolling in a HEI for those who did not dropout (in the first year).
On the Effects of CAE on Dropout Decision
We estimate the causal impact of the CAE on the probability of dropping out of a HEI, separated by type of institution: university or CFT/IP. It is important to mention that this type of estimation is likely to suffer from endogeneity/selectivity issues (??). However, in this paper we control for these issues, modeling the decision process in each node with our structural model. This will allow us to estimate counterfactual scenarios and to compute treatment effects of interest.
In section 2 we presented Table 5 , which shows that there was no apparent change in dropouts rates before and after the introduction of the CAE in 2006. 29 However, a correct exercise would be such that analyzes the effect of the CAE on dropout rates, relative to those without CAE, controlling for observable variables and ability.
first year. 30 Thus, we estimate the following treatment parameters
where Υ CAE D4=1 is the treatment parameter that accounts for the effect of CAE on the probability of dropping out of a university and Υ CAE D5=1 is the treatment parameter associated to the effect of CAE on the probability of dropping out of a CFT/IP. 31 These treatment parameters are estimated using those from the structural model, which permit us to estimate the counterfactual for each individual and then average over the distribution of the factor. Thus, our estimates controls for endogeneity and selectivity.
In Table 14 we present our estimates for the treatment parameters. We observe that the impacts of the CAE on the probability of dropping out of a HEI are statistically significant (we reject the null hypothesis Υ CAE Dj =1 = 0 j = 4, 5 at 1% level) and heterogeneous. For those enrolled in a university the CAE reduces the probability by 1.6 percentage points that corresponds to a reduction of 12.4% in the dropout rate for students enrolled in this type of FEI. For students enrolled in a CFT/IP, we have a higher impact, close to 10.9 percentage points, corresponding to a decrease of 66% of the dropout rate. 3233 These results differ from the uncorrected rates obtained dividing the number of dropouts over the total number of enrolled in each HEI. For instance, the difference in dropout rates between those with and without CAE is 5.2 and 10.7 percentage points for students enrolled in universities and CFT/IP respectively. This is important to remark since it shows the importance of controlling for endogeneity, self-selection, and unobservable ability when estimating the impact of the CAE on dropout rates. Our results differ from those of ? since he finds a decrease of 6 percentage points for students enrolled in universities corresponding to a decrease of 46.5% in the dropout rate instead of the 12.4% that we find. Certainly our estimates correspond to the average treatment effect and ?' are local average treatment effects for a very specific population.
A more detailed analysis requires to conditioning in other type of variables besides type of HEI. In order to see if the impact of CAE on the probability of dropping out after the first year varies through income level or factor quintiles, we estimate the following treatment parameters 30 This effect is unconditional, thus it does not control for observable variables, such as income, and integrates over the density of the ability factor. 31 In the decision tree presented in Figure 5 , these parameters answer the question: what would have been the dropout rates for those in D 2 and D 4 if they had obtained the CAE respectively.
32 For these calculations we consider the dropout rates of nodes D 2 and D 4 from Figure 5 . 33 Alternatively, we can see that in our sample, if individuals in nodes D 2 and D 4 (see Figure 5 ) received the CAE, there would 750 less dropouts in universities and 1443 less dropouts in CFT/IPs after the first year, respectively.
Where the vector X includes family income categories, quintiles of (ability) factor, and quintiles of PSU scores. 34 The factor quintiles represent a mixed of cognitive and noncognitive unobservable abilities and the PSU quintiles are a proxy of cognitive ability. Three income categories are considered due to the reduced number of observations in the higher tail of the income distribution in our sample. 35
In Table 15 we present the effect of CAE on dropout rates for those enrolled in a university and applied to the CAE by income category and factor quintile. Similarly, in Table 16 we present the same effect but instead of factor quintile, we consider PSU score. It is important to note that students enrolled in universities from low-income families benefit more in reduction in dropout rates. When factor quintiles are considered, we see that individuals with lower factor benefit more. When we condition on both income category and quintile of the factor (or PSU score) we see that there is not a clear pattern. We also observe that less able students from income categories 1 and 3 benefit more than those from income category 2.
Similarly, Tables 17 and 18 show the effect of CAE on dropout rates for those enrolled in a CFT/IP by income category and factor (PSU score) quintile. There are three interesting results in these tables. First, student from low-income families benefit more in terms of reduction of dropout rates, as in the previous analysis. Second, students with lower level of ability benefit significantly more than those in the higher tail of the factor distribution. Third, when we condition on both income and factor (PSU score), we find that students from low-income families with lower levels of ability benefit more in terms of reduction of dropout rates.
In Figure 11 we summarize the previous results. We plot the impact of the CAE on dropout rates in percentage points over income category and factor (PSU scores) quintiles for type of HEI.
The results suggest that short run constraints related to income are binding in the case of Chile. Additionally, there is evidence of active long-term constraints as well. These constraints are related to ability, and our results shows a significantly higher reduction of dropout rates due to CAE for those with lower ability levels who are enrolled in CFT/IP institutions. These reductions are even higher for students with low ability levels who are from low-income families. This finding may shed light on the use of resources if focalization is desired. 34 Quintiles of PSU scores are calculated over the average PSU score. 35 The income categories are from $0 to $278,000 Chilean pesos (1), from $278,000 to $834,000 (2), and from $834,000 on (3).
Credit Access and Wages
We now estimate the impact of CAE on wages. The design of this program may lead to higher education institutions decreasing dropout rates for those with CAE. This is due to the fact that higher education institutions are responsible for the credit during the period in which beneficiaries are enrolled. Thus, higher education institutions have an incentive to ensure graduation. 36 Although the Chilean higher education system does not have a method to measure the quality of its graduates, we can use information about the labor market performance of individuals as a proxy of quality. In this context, we use the results of wage equations to identify differences in quality among those individuals receiving CAE and those individuals who do not, if they exist.
To estimate the impact of CAE on wages, we must recognize that this may have an effect on two decisions the student faces. First, the prospective student decides whether or not to apply to the CAE. This does not only determine the type of financing that she will eventually have access to, but also the type of institution where she can study. This second instance is defined by obtaining credit (conditional on the application).
Hence, we can define two pairs of treatment effects, depending on the HEI where the individual is enrolled:
and
It is important to remark that the parameters described above are conditional on the fact that the student applies to the CAE, enroll in a particular HEI, get the CAE and does not dropout in the first year.
Hence, the first pair of parameters identify the effect of CAE on wages of those that applied to CAE and did not dropout. 37 The second pair of parameters identify the impact of getting the CAE vs. having not 36 Table 4 shows the guarantee that HEI would pay while students are enrolled. As can be appreciated, this guarantee decreases along the study period and disappears after graduation. Potential incentives to prevent dropouts might arise between these institutions that could be reflected in the quality of education they provide to their students (e.g., easier courses or lower failure rates). 37 According to Figure 5 this is equivalent when comparing wages of those in node D 1 who did not drop out, with wages of those in node D 2 who did not drop out. For those in a CFT/IP, this is equivalent to comparing wages of people at node D 3 and did not drop out, with those from individuals at node D 4 and also did not drop out. even applied to the CAE. 38 In Table 19 we present the results of the estimation. We can see that for those enrolled in a university, the impact of getting the CAE on wages is -1.8%. For those enrolled in a CFT/IP, the impact of CAE on wages is -4.8%. These results are different from uncorrected comparisons. While for those in universities the uncorrected wage gap is -3.4%, for those in CFT/IP the wage gap is 2.1%. This suggests that selectivity bias and/or endogeneity issues affects these measures and supports the necessity of pursuing methods that controls for these issues.
For treatment effects ∆ CAE D1,D5 and ∆ CAE D3,D6 , the decreases are larger. Individuals enrolled in universities with CAE shows a reduction of 13.2% in their wages in comparison with those enrolled in universities who did not apple to CAE. For those in CFT/IP, the wage gap is 9.2%. These results are statistically significant at 1% level. 3940
The results show that after controlling for self-selection and endogeneity in the decisions, individuals with CAE in the first year, have lower wages five years after in the labor market in comparison to those that study without CAE.
Understanding the Wage Gap
According to the results, the CAE reduces the probability of dropping out after the first year. Thus, comparing the wages of those who did not dropout and received CAE versus those who did not obtain CAE, needs a labor market experience adjustment. This is due to the fact that the individuals who did not obtain the CAE have, according to the estimations in this section, a greater probability of dropping out in the future than those with the CAE.
In Tables 20 and 21 we show the cumulative average number of pension contributions between 2007 and 2010 for individuals enrolled in universities and CFT/IP. For university enrollees we fail to reject the null hypothesis of equality of pension contributions between CAE and non-CAE recipients for most years. On the other hand, for CFT/IP enrollees, the number of pension contributions is larger for those who did not obtain the CAE. This difference is 3.7 contributions and seems to not account for the wage gap. For instance, according to ? the average annual return to experience is 2.4%, hence this could explain a 0.07% of wage gap but we observe a wage gap of at least -4.8% (depending on the treatment effect considered) between CAE recipients and non-recipients.
38 According to Figure 5 this is equivalent to compare wages of those in node D 1 who did not drop out with those from people at node D 5 and did not drop out either. For those enrolled in a CFT/IP this is equivalent to compare wages of individuals at node D 3 and did not drop out with those of node D 6 and did not drop out as well. 39 To compute the significance we perform difference in mean tests for the estimated parameters. 40 Similarly, uncorrected measures shows a wage gap of -12.9% for those enrolled in universities and -0.2% for those in CFT/IP. This suggests that endogeneity and selectivity bias is present, especially for those in CFT/IP.
One plausible hypothesis to understand this wage gap, in addition to labor market experience, is that the incentive for HEI to retain CAE students may decrease the retention requirements for students with the credit. As explained before, HEI are responsible for the credit during the period in which beneficiaries are enrolled. Thus, higher education institutions have an incentive to ensure graduation. This may be affecting the quality of the average CAE graduates, which is reflected in wages. Thus, it may be relevant to revise the design of this credit since the increasing number of beneficiaries that could be affected.
Conclusions
The relationship between access to credit and dropping out from higher education is an important topic in the literature and several approaches have been implemented to estimate it. However, the evidence is mixed and there is not any clarity on the importance of credit constraints on dropout decision as pointed out by ?.
In this paper we analyze the determinants of the dropout (from higher education institutions, HEI) decision in the first year using a unique database that includes information on type of higher education institution, credit access, and labor market outcomes. We estimate a structural model of sequential schooling decisions that allows us to control for endogeneity, self-selection, and unobserved heterogeneity. We estimate the causal effect of the Crdito con Aval del Estado (CAE), the most important funding program in Chile, on the probability of dropping out from a HEI, and the effect of the CAE on wages for non-dropouts.
Our results suggest that there is sorting in ability, where more able students enroll in universities and dropout less often. There is heterogeneity in the results of the effect of the CAE on dropout decisions. We find also that the CAE reduces the dropout rate after the first year by 12.4% for universities and 66% for CFT-IP, controlling for ability.
We also compute the impact of the CAE for different levels of family income and ability. This allows us to investigate if there are short-run (related to income) and long-run (related to ability) constraints, as defined by ?. We find a significantly higher impact on dropout rates for students with low level of ability from poorer families.
Although the CAE has positive effects on dropout rates, it may have some negative effects. In particular, we find that students with CAE have lower wages even after adjusting for ability and HEI quality measures.
This may reflect serious issues in the mechanism design of the incentives to HEI with students with CAE as these institutions benefit more from retaining students.
In this paper we present evidence of the impact of credit access on dropout rates. The evidence shows that the CAE is a good instrument. However, the results on the impact of CAE on wages shows that the beneficiaries of this credit will be harmed by getting lower wages, even after controlling for selection bias, an urgent revision due to its incentives to reduce dropouts via lowering retention requirements and, thus, reducing the quality standards. Note: * * * , * * and * denote statistical significance at 1%, 5% and 10%, respectively. Income categories are defined as follows: between 0 and 278.000 pesos (category 1), between 278.000 and 834.000 pesos (category 2) and 834.000 or more pesos (category 3). −0.041 * * * 0.020 * * * −0.045 * * * −0.022 * * * Factor 2 −0.032 * * * 0.013 * * * −0.034 * * * −0.017 * * * Quintile 3 −0.030 * * * 0.006 * * −0.036 * * * −0.017 * * * 4 −0.025 * * * 0.009 * * * −0.027 * * * −0.012 * * * 5 −0.023 * * * 0.002 −0.027 * * * −0.013 * * * Unconditional −0.031 * * * 0.009 * * * −0.031 * * * −0.016 * * * Note: * * * , * * and * denote statistical significance at 1%, 5% and 10%, respectively. Income categories are defined as follows: between 0 and 278.000 pesos (category 1), between 278.000 and 834.000 pesos (category 2) and 834.000 or more pesos (category 3). Note: * * * , * * and * denote statistical significance at 1%, 5% and 10%, respectively. Income categories are defined as follows: between 0 and 278.000 pesos (category 1), between 278.000 and 834.000 pesos (category 2) and 834.000 or more pesos (category 3). Note: * * * , * * and * denote statistical significance at 1%, 5% and 10%, respectively. Income categories are defined as follows: between 0 and 278.000 pesos (category 1), between 278.000 and 834.000 pesos (category 2) and 834.000 or more pesos (category 3). 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 The estimated distribution, f ∼ ρ 1 N (τ 1 , σ 2 1 ) + ρ 2 N (τ 2 , σ 2 2 ) + ρ 3 N (τ 3 , σ 2 3 ), is given by the following parameters: 
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